Latterly much attention has been attracted, and rightly so, to the number, variety, and potency of the socio-economic factors which strongly incline married couples deliberately to restrain their fertility and thereby to limit the size of-their families. A tendency to overlook a number of purely biological factors which work in the same direction is to be discerned. These latter are for the most part not under the control of the will of the individual and are as yet far beyond the powers of the medical and social sciences in application. It As the. outcome of the experience of sterility, family planning, and similar clinics and of medical practitioners and specialists, and as the result of a number of specific enquiries, there has accumulated a mass of information of a scientific kind concerning the-incidence of childlessness and of small family size (one or two offspring) among long-married couples. There is general agreement concerning the following conclusions (see Lane Roberts and
Latterly much attention has been attracted, and rightly so, to the number, variety, and potency of the socio-economic factors which strongly incline married couples deliberately to restrain their fertility and thereby to limit the size of-their families. A tendency to overlook a number of purely biological factors which work in the same direction is to be discerned. These latter are for the most part not under the control of the will of the individual and are as yet far beyond the powers of the medical and social sciences in application. It is not suggested that these factors, as judged by their effects, play as important a role in determining family size as do the socio-economic, or that pronatalist policies are mistaken when based on the demonstrably reasonable assumption that if only the people could be persuaded to unleash their fertility the total size of our population could easily be maintained at its present level or even enlarged. Nevertheless, it is surely desirable when population policies are being fashioned that all and not merely the more potent factors known to affect fertility shall be taken into account.
IMPAmIRE FECUNDrrY AS A Lm4rrNG FACTOR As the. outcome of the experience of sterility, family planning, and similar clinics and of medical practitioners and specialists, and as the result of a number of specific enquiries, there has accumulated a mass of information of a scientific kind concerning the-incidence of childlessness and of small family size (one or two offspring) among long-married couples. There is general agreement concerning the following conclusions (see Lane Roberts and -others, 1939 ; Barton and others, 1943; Engle, 1946; Editorial, British Medical Journal, 1946; DeLee-and Greenhill, 1947; Whelpton and Kiser, 1948, for example 444 had their first child after 10-14 years of marriage The same caution is demanded when an unexpected first pregriancy in an ageing woman follows immediately and dramatically upon the desperate trial of some new medicament or therapeutic system or occurs as a startling sequel to the adoption of a child. However, whatever the exact proportion of permanently barren marriages may be, it remains a most disturbing and challenging thought that a very considerable number of such marriages do occur each year and that, furthermore, very large numbers of married couples, having produced one or two children, thereafter remain unable to produce any more, however ardently they may wish to do so. This lowered fecundity on the part of either the male or the female partner is responsible for the relative infertility exhibited by some 60 to 90 per cent. of small-family couples. There is much evidence, which is continually being reinforced, that after the first or second pregnancy the power of married pairs to reproduce shows a definite tendency to fall.
The ascertained and suspected causes of such infecundity are numerous: for example, in the female, major degrees of uterine hypoplasia, -cervical erosion, tuberculous endometritis and .salpingitis, uterine retroflexion, occluded tubes, certain of these conditions often being the sequelae of a previous abortion or pregnancy; in the male, Pzoospermia, oligozoospermia, necrozoospermia, asthenozoospermia (possibly associated with a deficiency of the enzyme hyaluronidase so that the follicle cells surrounding the ovum are not dispersed), sometimes the sequelae of cryptorchidism, mumps, gonorrhoea, or non-specific epididymitis.
Of the male partners examined on account of the infertility of a married pair, at least one in -five shows abnormality of the spermatozoa of one kind or another. Infrequent coitus is regarded by some as a cause of infecundity in the male and abnormal utero-tubal irritability as a cause of the same condition in the female. Inability on the part of the spermatozoa to penetrate the interface between semen and cervical mucus has been shown to be causally related to infertility (Barton and Wiesner, 1946, 1948) . Hormone imbalance in either sex is commonly blamed (Christie Brown, 1948 , for example). It has been suggested that antibodies can be elaborated in the blood of the female partner as a reaction to hyaluronidase and that these antibodies can prevent conception by precluding the action of the enzyme upon the follicle cells (Rothschild, 1947) . Though some gynaecologists of wide experience present the view that the artificial deferment of pregnancy leads to infertility (see Siegler, 1945 , for example), the great majority of studies of this matter (see Barton and others, 1943; Whelpton and Kiser, 1948; Dickinson and Morris, 1941 be expected that developments in reproductive physiology and gynaecology will soon yield added power to repair much of the infertility that is based upon developmental imperfection and to prevent much of the infertility that derives from obstetrical mischance or mismanagement. But if, as seems probable, much of the existing infertility is the expression of the action of psychological factors yielding fear or profound anxiety, the therapy demanded must be of quite another kind and must concern itself with the education of the citizen and with the cultivation of new aspirations and new loyalties. Moreover, it will become urgently necessary to enquire whether or not this impaired fertility is a phenomenon that is commonly associated with, caused by, the disharmonies which manifestly exist between the biological nature and needs of mankind and the peculiar social organizations and economic systems that civilized man has evolved; whether it is in large measure a reaction on the part of individuals and groups to conditions and circumstances in the external world that are not conducive to the maintenance of reproductive efficiency.
GENES AS LMmrNG FACrORS
In forms other than man it is firmly established that fecundity rests, partly at least, on a genetic basis-there are " fertility " genes. Studies ofhuman pedigrees yield evidence of a sort which suggests that this is also the case -in the human subject (see Penrose, 1936; Gates, 1946 Cappell, 1946; Race, 1948, for example) that in erythroblastosis foetalis, another disease genetically determined, the production of the maternal antibodies in response to the foetal antigens is so slow and gradual that whilst the earlier members of a sibship remain unaffected the later ones are destroyed (in the absence of appropriate therapy). Mongolism is a disease the causation of which is the interaction of the peculiar genotype of the foetus and certain peculiar conditions of its environment, the maternal organism. It is a disease which is generally exhibited by the later members of sibships and, though not in itself lethal, so handicaps its exhibitors that reproduction is impossible and life expectancy greatly reduced.
The existence of these genes is clearly demonstrated in the records of stillbirth and infant and child morbidity and mortality. From what is known concerning the prevalence and action of similar lethal and sub-lethal genes that operate during the earlier stages of embryonic life in experimental enimals and plants it is safe to postulate that in man also such genes are responsible for much embryonic and early foetal death and thus for much abortion and apparent infertility. For example, Waterhouse and Hogben (1947) have offered convincing evidence that A-B-O isoimmunization is responsible for the loss of about 25 per cent. of the A children expected from marriages A x 0, or about 3 per cent. of all conceptions. The action of such genes is evidenced in the nonappearance or numerical deficiency of certain expected phenotypes in sibships in pedigrees in which the abnormality figures, such non-appearance or deficiency yielding a disturbed secondary sex-ratio when a differential sex lethality is involved, as is frequently the case.
THE BIOLOGICAL NATURE OF THE HUMAN FEMALE
AS A-LIMmNG FACTOR The number of offspring produced at one and the same time by the female of a species must necessarily affect the total number of offspring produced by her during the whole of her life. A survey of the different species in their order of zoological classification strongly suggests that between the place of a species in the zoological scale and the number of offspring produced by the female of that species at one and the same time there exists a direct F. A. E. CREW relationship-the " higher " the species the fewer the offspring. This observation, to which there are, of course, many exceptions, has provoked much speculation. Spencer (1899) , for example, made the reasonable suggestion that between the maintenance needs of the individual's own life (individuation) and the energy requirements of reproduction (genesis) there is a conflict and that the two are inversely proportional, the long-lived species being remarkable for the smallness of their litters. Wood Jones (1915) presented the argument that offspring can under certain circumstances constitute a definite handicap to their parents, interfering more or less seriously with their usual behaviour patterns. Necessarily there must be some connexion between the conditions of the habitat and the behaviour of the parents on the one hand and the reproductive behaviour of the species on the other. Only in those in which the pregnant and nursing female is not too greatly disadvantaged by carrying or rearing a large number of offspring are large litters possible, and only in those species in which the parents provide a " nursery "-a nest, a burrow-in which the young can find shelter ind protection are large litters to be encountered. Marshall (1922) hazarded the suggestion that the -average number of young produced at one time by the female and the average size of the individuals of the species are inversely proportional, the larger the animal the smaller the litter. Fisher (1938) introduced the notion of reproductive economy. If a species is to flourish, then, assuming that the conditions of the habitat do not change too drastically, what is required of the individuals of one generation is that they shall produce a succeeding generation at least numerically equal to their own. The well-being of a species or population can be measured by the movement of the net reproduction rate. Population size is maintained when every fecund female in one generation is represented by at least one fecund female in the next.
In general there are two ways in which population size can be maintained or increased, one extravagant, the other economical. In the first, far more than enough offspring are produced, the excess being removed by gross mortality. Thousands of ova are made available by each female for fertilization at the same time, but by no means all are fertilized. In such forms external fertilization is the rule and there is a complete disregard on the part of the parents for their offspring. The newly born young are more or less well equipped for the satisfyig of their own immediate biological needs, but being unprotected they suffer great loss from mishap and they form the food supply of their own and other species. In the second, the number of ova produced at any one time by-the female is redtuced to the absolute minimum, fertilization is internal so that conception is made certain, and to the immature young, made precious by their very paucity, are given by their own parents great care and protection.
It is in the amalgam of all these various hypotheses that the correct explanation of all the different observations is most likely to be found. In general the larger and more complicated the creature is, the longer is the period of time demanded for its growth and differentiation. The longer this period is, the longer is the phase of immaturity and dependency of offspring upon adults of its own kind. The greater and the longer this dependency is, the fewer the offspring that can be given parental care at any one time. Parental care of the immature young can best be provided in an extra-corporeal uterus (a micro-environment equipped with facilities for protection and food supply): a nest, burrow, nursery. The fewer the offspring born at one time the fewer the ova that need to be shed. The fewer the ova, the more certain must fertilization become For the accommodation of one fertilized ovum a non-cornuate uterus suffices; for the reception of many a bicornuate uterus is required (see Wood Jones, 1945) . Where many offspring are born at a time to a mammalian female she must offer a number of mammary glands at least equal to the number of offspring. When only one is produced one mammary gland is required (but the rule of symmetry operates to yield a pair). In those mammalian forms which are monotocous there is a direct relation between the anatomy, habitat, and habits of the species and the particular pair of mammary glands that is retained. The human female is characteristically monotocous and her anatomy is in accord with her reproductive habits. She extrudes as a rule only one ovum at each ovulation during the period pubertymenopaulse. Exceptionally she reveals her phylogenetic relationship by shedding more than one ovum (polyovular multiples) or, like the annadillo, produces an ovum which after fertilization divides to give rise to several embryos (monovular multiples). Fertilization is internal and conception certain if intercourse occurs shortly before or after ovulation (and there are no pathological barriers). Her uterus is non-cornuate, suitable for the accom-' modation of a singleton. She has but one pair of mammary glands, but, unlike the marsulpial w.hichoften produces young in numbers greater than the number of her teats so that some must necessarily die, the human female can attach the surplus to a bottle. The human young is so imnmature at birth and demands so long a period of time to achieve self-sufficiency (and for initiation into society) that in man parental care reaches its highest degree of expression. So it is that in man the family grouping reaches its maximum development and in a human society social agencies share, reinforce, and extend parental responsibilities by means of creches, nurseries, schools, universities and the like, and by the provision of foster parents: nurses, teachers, policemen, and others. By these and similar means any conflict between individuation and genesis can be resolved and the reproductive habits of our species are no longer necessarily limited by the circumstances of our external world, since these latter can be changed by man.
Parental care reinforced by communal care does much to reduce mortality among the young. The application of science by means of sanitary laws and habits, raised standards of living and of education, advances in medical knowledge, have played their parts in reducing infant and child mortality and in extending life expectancy. Since such reduction has outpaced the fall in the birthrate it is eminently possible for a population such as our own to maintain or even enlarge its total size with comparative ease if it so desires. Monotocia suffices.
THE HAZARDS OF POLYTOCIA AS LimnNG FACTORS
It would seem to be generally agreed that not more than 20 to 50 per cent. of-all the twins that are conceived are alive at the end of the period of pregnancy. Twins are commonly reduced by foetal death to a singleton, triplets to twins or a singleton. The observed facts concerning stillbirth, infant mortality, and maternal mortality in relation to multiple births support the view that the human female is not equipped for the production of more than one young at a time.
Stillbirth is several times as common among twins as among singletons. Munnell and Taylor (1946) found that the gross foetal mortality (28-1 per cent.) among multiples was four times greater than the gross foetal mortality rate (7 -0 per cent.) for all deliveries, and that the corrected foetal mortality for twins (9 1 per cent.) was almost twice as great as the ten-years' average for all deliveries (5* 5 per cent.). According to Hirst (1940) Authorities are agreed that dystocia and birth injury are far more common among multiples for the reason that their mutual initerference during parturition tends to lead to faulty presentation. As a result of birth injury mental defect has a higher incidence among multiples than among singletons.
Prematurity is commoner among twins than among singletons and is universal among triplets and higher. Kerr and others (1944) Neonatal death is twice as common among multiples as among singletons, as would be expected since so many of the causes of stillbirth continue to operate during the neonatal period. The toxaemias of pregnancy, polyhydramnios, uterine inertia, prolapse of the cord, and post-partum haemorrhage are all much more frequently encountered in multiple pregnancy (see Munnell and Taylor, 1946) . Hirst (1940) states that neonatal deaths are five times as frequent among multiples as among singletons. Burns (1942) found that the neonatal rate for multiples was about six times that for the whole group, including both imultiples and singletons, studied. The postnatal rate for multiples in Burns' (1942) survey was twice that of the total population at risk.
Maternal mortality is higher in multiple pregnancy. Hirst (1940) found it to be, as also did Burns (1942) , twice that of singleton pregnancies on account of the greater incidence of haemorrhage and toxaemias.
So far medicine has not gained the power to overcome these hazards of polytocia.
THE RATE OF REPRODUCTION AS A LIMMTING FACTOR
After the first pregnancy the rate of reproduction would seem to have a direct influence upon maternal and infant mortality and stillbirth. The advocacy of " spacing " on the part of family planning clinics would seem to be more than justified. The state of health of the mother influences in a general way the state of health of the unborn child. Childbearing, and especially long-continued lactation, is a strain from the effects of which the mother recovers, though perhaps never completely in a great number of instances, in time. Exposure to the same strain before recovery increases the hazards of pregnancy for both mother and infant.
Such mothers commonly produce weakly babies among whom the neonatal death rate is high (Burns, 1942) . Birth intervals of less than two years predispose to prematurity (Joint Committee, 1948 The probability of a stillbirth is least in the case of a second pregnancy and thereafter rises with increasing parity. The probability of a stillbirth in the case of a first child is greater than in the case of a fourth but less than in the case of a fifth. The stillbirth rate is higher at all ages of the mother for primiparae than for multiparae of the same age, the rates for both increasing after the age of 25 (Sutherland, 1946) Burns (1942) found that among seventh and later children neonatal deaths (including stillbirths) were greater than the total deaths (including stillbirths) up to the age of five in the case of the first, second, and third children, and presents the view that this early death among later sibs would not be seriously affected by any system of family allowances or such like.
Postnatal mortality cannot-so easily be related directly to parity. It increases with family sizebor the reason that large families involve an extra risk of infection of the most recent addition by its older sibs. In this country, too, there is a direct relation between family size and the socio-economic circumstances ot the home: larger families are found for the most part among the poorer strata in which the women seem incapable of planning their lives (Lancet, 1945) . Thus it is that large family size is so commonly associated with low income, thriftlessness, poor educational standards, low standards of living, insanitation in the home, and avoidance on the part of the mother of the clinics which offer help in the matter of contraception and maternal and child welfare. No wonder, then, that Yudkin (1944) found that children from small families were bigger and heavier and had a higher haemoglobin level than children from large families and that these differences were greater in the case of children from the poorer areas, or that Burns (1942) found in her classical survey of infant and child mortality in Durham that families with the lowest death rate were the one-child families, and that the late children of large families had a high death rate at all stages. Bearing on this question also are the observations and tentative conclusions of Fraser , Burt (1946) , Thomson (1947) , and Himmelweit (1948) , which suggest that there is a negative correlation between intelligence and size of family. These most important and disturbing conclusions have been subjected to criticism by Woolf (1947) and await final proof.
There is a gradual increase in maternal mortality with increasing age of mother, the rate becoming sharply accelerated after the age 30 to 34. Furthermore, when marriage or the first pregnancy is postponed to an age around 30 then, as Burns (1942) has shown, not only is the first birth relatively dangerous but all subsequent births are associated with a maternal death rate which is relatively high for that stage of the family. This in part explains the lack of improvement in maternal mortality in the better-off classes who, on the whole, marry late. It is exceedingly difficult to separate the effects of maternal age and parity. It can safely be said, however, that if all families consisted of three or four children born to mothers under 30 the maternal mortality rate would be halved. Primiparae have a higher death rate than 2-, 3-and 4-parae. Mortality is lowest in 2-parae and is under average in 1-, 3-, and 4-parae. In more than 4-parae it is in excess, this excess increasing steadily with each additional pregnancy (see Report of Scottish Departmental Committee, 1944).
Although the production of large families is associated with a high maternal mortality the decrease in the average size of family has not been attended by a corresponding fall in the maternal mortality rate, for the reason that a decrease in average family size means an increase in the proportion of first births, these being associated with increased hazards, and that first births now occur more frequently at older maternal ages than used to be the case so that greater risks must be encountered. Moreover, when the first birth is postponed all subsequent births must occur at ages which are associated with maternal risks relatively high for the birth rank of the child. There can be no doubt that if the present social gradient in respect of stillbirth, infant mortality, and maternal mortality could be obliterated by adequate social action these rates would greatly fall. At the present time the poorer among us-tend to marry and reproduce earlier than do the relatively well-to-do. There is thus an association of early reproduction and poor environmental circumstances on the one hand and later reproduction and good envir'onmental circumstances on the other. The present distinction between the socio-economic classes in respect of infant and maternal mortality suggests that in so far as these hazards are concerned environmental circumstance is more important than parity and maternal age (within limits). But even though the obliteration of this gradient would undoubtedly yield an equalization, and the stillbirth rate ahd the infant and maternal mortality rates generally would then be those which now are characteristic of Class I of the Registrar-General, it is quite certain that the effects of parity and of maternal age would still be easily discernible.
Two notions emerge from a consideration of these observations. The first is that since the first pregnancy is so much more hazardous than the second (the least hazardous of all) for both mother and child it would seem that in the human subject, as in the laboratory animal (see Asdell, Bogart, and Sperling, 1941) The second notion, due allowance having been made for the effects ofmaternal age and unpropitious environmental circumstance, is that the human female is not built for the efficient production of more than four children in all, or, as Kerr and others remark (1944) 1946) found on enquiry that most of the poorer mothers with ten children, as also most of the well-to-do with one or two, admitted that they would have been happier with three or four. These expressions of opinion can surely be accepted as being representative of the peoples of present-day communities with a social structure and philosophy more or less similar to our own and with adherents to the different churches present in the population in the same kind of proportions. They are supported by the observations of Titmuss and Grundy (1946) to the effect that in Luton there had occurred during a period of three generations a large increase in the proportion of one-and two-chijd families and a dramatic fall in the proportion of families of five or more.
THE BEARING OF THESE OBSERVATIONS AND SUGGES-TIONS UPON POPULATION POLICY
The industrial revolution can rightly be blamed for much human misery and for much misdirection in our development as a society. Nevertheless, it is to this industrialization and urbanization and to the reactions of human beings to the circumstances so created that indirectly a significant reduction in family size must be ascribed. Economy in children made it possible for families to survive and to share in the abundant material wealth that was then created and thus in the rising standards of living. It is to be noted that this reduction in family size was not followed by a reduction in population size. In fact the population increased at an unprecedented rate, for the reason that though fewer children were being produced far fewer died than was formerly the case. In this decline in mortality the reduction in the average size of the family was by no means the least important factor, for between the size of the family and the chances of survival on the part of the members thereof there was and still is a direct relationship. It is established that large average family size is not a prerequisite for population maintenance or increase.
In a recent P.E.P. publication (1948) 50 per cent. of the parents with no, one, two, and three children would be required to produce an additional child. The ideal policy would seem to be the encouragement of the majority -of parents to produce a family of three whilst the mother is still young, and in the case of the families of proven biological worthiness, as estimated by the low incidence of stillbirth, infant and maternal mortality and morbidity, to encourage the production of additional offspring. Should this ever become the objective, then the impaired fertility of the childless and small family couples desiring children or more children would become a problem of even greater importance. (In the rat (see Asdell and others) 5. Since the first pregnancy is peculiarly hazardous and the second the-least so, it is suggested that investigations should be undertaken to discover the means whereby the first could be ridded of its dangers; could be, as it were, transformed into the second. 6. Evidence is displayed which points to the conclusion that the maximum family size should be four for the majority of married couples.
7. The evidence derived from opinion surveys shows that the " best " size of family is three to four.
8. Demographers are agreed that for the maintenance of our population size the average size of a family should be 2-5, which means that many must produce three, four, and five.
9. All things considered it would seem that the majority of married couples should be encouraged to produce three children whilst the mother is still young, and that those who together with their early offspring display an extraordinary healthiness should be encouraged to produce additional children. Iffamilies ofmore than four are not to be encouraged then it would appear that not less than 50 per cent. of parents with one, two, or three children would have to produce an additional child if the total population size is to be maintained.
